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ABSTRACT

An extensive study of an existing digital computer program
for determining parameters required to represent SES 1008 trials data
by a generalized gamma function is carried out. The purpose of the
study is to resolve the difficulties encountered in earlier studies.
In these earlier studies, approximately 5 percent of the cases analyzed
produced unrealistic values for the distribution parameters. In order
to resolve this problem, data sensitivity studies are carried out.
Based on results of the study, criteria are developed for determining
cases that should not be processed. Three other techniques besides
the Stacy-Mihram method are investigated. The most successful alterna-
tive method is the maximum 1ikelihood method, which is incorporated into
the new digital computer program. A program listing and an example

of the generated output are included in this report.

ADMINISTRATIVE INFORMATION
This work was conducted at the David W. Taylor Naval Ship
Research and Development Center and authorized by Naval Sea Systems
Command, Surface Effect Ships Project Office, Program Element Number

63534N. It is identified as Work Unit Number 1-1506-012.

INTRODUCTION
A computerized procedure for evaluating the parameters of the

generalized gamma distribution from a set of random data following the

method proposed by Stacy and Mihram (see Reference 1) has been previously




developed and extensively exercised (see Reference 2 and 3). During
these earlier studies it was discovered that what appeared to be unreal-
istic values for the distribution parameters were obtained in roughly 5
percent of the cases analyzed. The initial purpose of the study, whose
results are summarized in this report, was to explore in detail a repre-
sentative sample of cases resulting in unrealistic values of the param-
eters, and if possible, to develop an alternate method for processing
these cases.
The results of the present investigation can be summarized as

follows:

In the many cases studied, it appears that the predicted

extreme design values are most sensitive to experimental

measurements and not the numerical procedure for deter-

mining the parameters. This is particularly true when

one of the parameters is negative.

A11 four methods considered in this investigation

yield probability distribution functions which represent

very well the experimentally obtained histogram even

though some of the parameter values were judged unrealisitic

in previous studies. However, the Stacy-Mihram and maximum

1ikelihood methods are by far the most efficient and are
the preferred procedures based on probabilistic arguments.
In some cases the predicted extreme design values are

unrealistically large whereas the significant values are




realistic. Based on an analysis of over 100 cases, it

can be concluded that cases having a nondimensional third
logarithmic moment greater than -0.5 produce unrealistic
extreme design values. Results of a data sensitivity study
have revealed that in all these cases the data may not be
considered as a sample taken from a steady-state random
phenomenon, and hence it is recommended not to carry out

statistical analysis for these cases.

Bl




MATHEMATICAL FORMULATION
OVERVIEW
The generalized gamma density function under consideration in
this report has the form
?(x}- 3 m/J: C)""‘Xcm-l e(‘th)‘) (1)
[(m)

where X\, m, and ¢ are estimation parameters and I'(m) is the gamma function.

Many other distributions such as the exponential, gamma, chi-squared,
Weibul, hydrograph, chi, truncated normal, and Rayleigh are special cases
of the generalized gamma function. Due to the general nature of f(x; 1,
m, ¢), it is the preferred distribution particularly when the exact form
of the distribution function is unknown.

There are several techniques that can be used to estimate the
three parameters. Four such techniques are considered in this effort.
These are the Stacy-Mihram, the maximum 1ikelihood, the nonlinear
least squares, and grid search methods. The last two methods deter-
mine the parameters by searching for that set of parameters resulting
in a minimum error between the experimental and theoretical histograms.
Since statistical inference cannot be applied in a rigorous manner, the
last two methods are not recommended. The Stacy-Mihram method
determines the parameters by requiring that the first three theoretical
logarithmic moments agree with the logarithmic moments determined from
the experimental data. The maximum likelihood method determines param-

eters such that the joint probability density function is a maximum.
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A detailed derivation of the Stacy-Mihram method is presented
in Reference 2 pages 6 - 8. A derivation of the nonlinear least squares
procedure is presented in Reference 4. The grid search procedure merely
involves a systematic search of the X, m, ¢ space for parameters that
minimize the error between the predicted distribution and the measured

distribution. A derivation of the equations required in the maximum

likelihood parametric estimation method is presented in the next section.

MAXIMUM LIKELIHOOD METHOD

Briefly, the maximum 1ikelihood estimation technique involves
finding the parameter (or parameters) which maximizes the joint proba-
bility density function of a random sample X1, e e XN from a
distribution with f(x, 8) as its probability density function and 6 as
an element of the parameter space. The joint probability density func-

tion, referred to as the 1ikelihood function, is given by

L= T £y 0) (2)

(st

Assume one has N_i samples at random variable x Then the

i
maximum 1ikelihood function will have the form

L= T $(x,, 0y 3)




The natural logarithm of the 1ikelihood function is used in
maximizing since it is a maximum when the function itself is a maximum,

and it proves more convenient to use. The logarithm is given by,

n L= 2 N ba $0) (4)

(st

The maximum of 1nL is obtained by searching for parameters 8 such that,

Alal
Sh= .= 0.0 5
398; (%)

ES\,NQ

where Np = the number of parameters.
For the generalized gamma function given by Equation (1),

the 1ikelihood function becomes

. N T CI S TOADR B (6)
L= [ T (o) e ]

tal

and 1nlL becomes

L =Nlac + eml \n]‘\\l\r\?(m) 7

*+ (em-) é; N\, \'\X; - 2<§X: N,

In the above equation, ¢ is assumed positive. If the above equation is

differentiated with respect to c¢m, A and m and set to zero, the following

equations can be derived (see Reference 5).

2- L) /2 x‘le.]V" (8)

whidhiauilitebion




lnc + ln (2 )(‘.‘N;)."‘\r\cm -la N =+ LP(M)
- ¢ %Ni\nxi/N = 0O (9)

Yoo+ Yln) - lneon + lne + ln (2)(;‘\\1;)

~ laN= CZ(\M'\' Cx; N"))/éx-‘N-ZO (10)

where the summation on i is from 1 to K. An expression for m can be

obtained from the above equations:

a—

Z %N N

Y 20 )% N; Z N, lny,
/m = C[ ¢ ) < LY 2 ] (]])

The parameter ¢ can be obtained by solving the following equation

numerically.

lne + \pn (‘2 X N(-) * \'\{E%i)’%& - ?(\;l“;] (12)

\
TN Ve T~ fayy] - R

;1 x;ﬁ Nl. N




Once a value of ¢ is determined by solving Equation (12),
values for A and m can be obtained via Equations (8) and (11). The
numerical method used to solve Equation (12) for c is due to Wegstein

(see Reference 5).

ANALYSIS

During previous studies in which the Stacy-Mihram method was
used to process SES 100B data, large design extreme values were
predicted in approximately 5 percent of the cases although the most
significant values agreed with the experimental measurements. This
difficulty seemed to be associated with large values of the parameter
m and with negative values of the parameter ¢. In order to resolve
this difficulty, several cases were examined in detail. The results
of this investigation follows.

The first case considered in this investigation is a set
of pitching motion data measured during the SES 100B full scale trials
program at 30 kts in a seastate of 3. This particular case, identified
as AR1 3E 30, is presented in Reference 3. A comparison of the
estimated probability density function with the experimental histogram is
presented in Figure 1. As is demonstrated by the results in the figure, the
agreement is excellent. A1l other cases examined show similar results.
Assuming that an objective of the estimation procedure is to develop
the best representation of the data that is possible, it is con-

cluded that large values of m(> 5) are not necessarily unreasonable.
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Also, since the predicted representations always represent the data

very well for both large and small m, the numerical procedure used
to solve the transcendental equations for the estimation parameters
is judged sufficiently accurate.

Further investigations revealed that in some of the cases
the predicted design extreme values were unreasonably high as
compared with the most significant values. In order to determine
more precisely a reasonable value for the ratio of the design extreme
value to the most significant value (XD/XS), an analysis of over 100
previously processed data cases were examined. The results indicated
that unrealistically large ratios were obtained for those cases for
which the normalized logarithmic moment (see Equation 2.4 in Reference
2) is greater than -0.5. Most significant values were realisitic as
compared with those measured in trials. Consequently, in the current
data base, cases for which T > -0.5 should not be processed to deter-
mine design extreme values using the generalized gamma procedure.

The experimental histogram of AR1 3E 30 has a substantial
tail which may contribute to the large design extreme value predic-
tion. The last four bins (out of 12) each have only one observation.
A data sensitivity study was conducted in order to determine how
sensitive the design values are to the tail portion of the measured
data. The results of this study are presented in the next section.
SENSITIVITY OF RESULTS ON EXPERIMENTAL DATA

A data sensitivity study on cases AR1 3E 30, S14 3H 10,

S14 3Q 10, and S82 3Q 10 was carried out in order to make an assess-

10
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ment of how sensitive predicted results are to the experimental data.

Computations were carried out for several cases for which four obser-

vations from a rather distinct tail were dropped. The results are
presented in Table 1.

The results indicate that elimination of a small percentage
of the experimental data can result in large changes in the design
extreme value, particularly when T > -0.5 and ¢ < 0.0. Based on
these results, it appears that a substantially large number of obser-
vations in the tail portion of the experimental data is desirable
in order to predict results that are insensitive to minor errors in
the observations.

It should be noted that the data sensitivity study as conducted
above is rather severe, i.e., four points were removed in a systematic
manner from the tail portion of the measured histogram. The proba-

bility that four points from the tail would be incorrectly measured

is rather small. One'way of determining how long an experiment should
be conducted and consequently how many observations should be made

is to monitor various statistics such as moments during any particular
experiment. Once these statistical measures reach steady state, the 3
sample can be judged adequate. Proceeding in this manner may have
been impractical during a single prototype run. However, combining
several runs under nearly identical experimental conditions may prove

possible.
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5»
} EVALUATION OF THE MAXIMUM LIKELIHOOD METHOD
i The method previously employed to determine estimation param- {
eters for the generalized gamma distribution was based on the Stacy-
Mihram method (see Reference 1 and 2). One of the advantages of the
Stacy-Mihram method is that negative values of the parameter ¢
»

are allowed. However. based on the current analysis of over 100 cases,
it appears that caszs for which ¢ is negative result in unrealistically
large values of the ratio of the design extreme value to the significant
value regardless of the processing technique (Stacy-Mihram method,

grid search, noniinear least squares method). Consequently, development
3 of representations of the experimental via the generalized gamma

' function should be restricted to cases for which the parameter ¢ > O.
More detailed analysis (see comments at the beginning of this section)
has revealed that processing should be restricted to those cases for

which the normalized logarithmic moment is less than -0.5*. If the

above restrictions are imposed, the preferred processing method is
the maximum 1ikelihood method as developed in a previous section of
this report. One of the reasons the maximum 1ikelihood method is

preferred is that it provides unbiased and efficient parameter esti-

mates in the asymptotic limit, i.e., as the number of samples becomes

*Examination of the data shows that it cannot be adequately represented
by any of the standard distributions.




large, provided specified regularity conditions hold (see References
6 and 7 for details). Also, the method is applied to the actual experi-
mental measurements, i.e., grouping the data into histograms is not
necessary.

A comparison of the maximum 1ikelihood results with experi-

mental data is presented in Figure 2. As demonstrated by the figure,

' the agreement between the generalized gamma representation and the
experimental data is excellent. The ratio of design extreme value to
most significant value is 3.65 which is less than the value obtained
by the Stacy-Mihram method is 5.58.

DIGITAL PROGRAM DESCRIPTION
The current digital program is based on a previous program
that implemented the Stacy and Mihram method. The following modifi-
cations have been made:

1. The maximum 1ikelihood method has been incorporated
into the previous program. This is accomplished by
replacing subroutine GETCML with a new version. The

i maximum 1ikelihood method should be used only when the

. ' numbers of observations is greater than 100, or the

number of bins is greater than 60. The Stacy-Mihram

T TETET TR T

method should be used when the number of bins is less

14

than 20 and the number of observations is greater than 100.

o
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2. As an added option, data can be read in the form of
densities or counts per bin.

3. Printer plots of Rayleigh, generalized gamma function,

P rva—n

and experimental data are generated.

4. Since the extreme values are a function of the number of
observations (time), time effect plots are generated along
with tabular results.

Three proprietary programs supplied by DTNSRDC are used in

the present system. These are PLOTPR, MGAMMA, and MDGAM. PLOTPR is

used to produce printer plots of data written on unit 3, MGAMMA computes
the gamma function, and MDGAM computes the incomplete gamma function.
Printer plot programs and programs for the gamma function are readily
available on most computer systems. Hence, replacing these with programs
available at different installations should present no major difficulties.
The incomplete gamma function can be obtained from the gamma function via
a simple integration procedure. However, due care must be exercised to
assure sufficient numerical accuracy.

A complete description of input data, printed output, and
subroutines follows. A listing of the program is presented in Appendix
A. An example of print out is presented in Appendix B.

INPUT DATA
A description of input data follows. Card images of a typical

run stream are illustrated in Figure 3.

16




Card Varijable Cols. Format Description

, 1 IC(1) 1-2 I2 option to convert input
4 data from frequencies to
' densities.

HNEw = HOLD/(N x DEL)

ON: 1IC(1) =1

: 2 Ic(2) 3-4 I2 option to convert L values
» from time to sample/run time
g LNEw = (LOLD/Run time) x N

ON: IC(2) =1

3 IC(3) 5-6 12 option to change random
variable values to midpoint
values
ON: IC(3) =1

1 1C(4) 7-8 12 option to convert input
data by factor CAL
ON: IC(4) =1

1 1C(5) 9-10 12 option to plot Histogram,
Rayleigh and Gamma with
"PLOTPR"
ON: IC(5) =1

1 IC(6) 11-12 12 option to plot above in
MKS units (change by
factor CONVER)

ON: IC(6) =1

1 IC(7) 13-14 12 option to plot L in hours
vs. XD’ Xg (Time effect
plots)
ON: 1IC(7) =1

1 1C(8) 15-16 12 option to plot above in
MKS units
ON: IC(8) =1

1 1C(9) 17-18 I2 option to print gamma
functions for all L values
OFF: IC(9) =1

ON: otherwise




option to print above in

scale on Time Effect Plots
Each dot will be spaced by

Default: .05, 1-5 hrs.

IC(12)=0 calculates design
values and option for plots.
IC(12)=1 no design values
calculated and no plots

IC(12)=2 no design values
calculated, but option for

debug printout for Stacy-Mihram

number of double pages on

Default: 1 double page
minimum is 1 double page

1C(20)=1: Use maximum likeli-
hood method in estimating

Otherwise: Use Stacy-Mihram

Number of increments in
excess of 200 to be used
in determining various
statistical measures.
Recommended value is zero

IF IPLOT # 0, Calcomp
plots will be generated

Card Variable Cols. Format Description
1 1¢(10) 19-20 12
MKS units
ON: IC(10) =1
1 1c(11) 21-22 12
10 ** (1C(11)).
-9 < IC(11) < 99
] 1c(12) 23-24 12
printed
plots.
1 1C{15) 29-30 12
method
] 1c(16) 31-32 12
plot
(2 pages)
1 1€(20) 39-40 12
parameters
method
1 1STOPD 41-50 110
or one.
1 IPLOT 51-55 1%
] IRAY 56-60 15

IF IRAY # 0, Rayleigh
distribution will be
generated

™




Card Variable Cols.
1 CONVER 61-70
1 CAL 71-80
2 I0P(1) 1-2
2 10P(2) 3-4
2 10P(3) 5-6
2 10P(5) 9-10
3 N 1-5
3 K 6-10
3 ALP 11-20

DEL 21-30
3 CMNT(1-5) 31-80
4 NL 1-10
4 ELL(1-5) 11-60
5 X(1), H{(1) 1-80

Conversion factor to go
from English to MKS units

Conversion factor of input
data to measurement desired

10P(1)=0: ¢ = 2.0 as
initial guess for use in

I0P(1)=1: Initial c value
I0P(2)=1: Write initial

I0P(3)=1: Writec, m, X
estimates obtained by
maximum 1ikelihood estimation
I0P(5)=1: Debug printout
Total number of samples
Number of diwisions

Value of i - F(x) corres-
ponding to the desired

Description of the set

Number of L values to be
considered. Up to five
can be used (See Equation
2.15 in Reference 2.)

up to five values of L

Format Description
F10.0
F10.0
12
Wegstein iteration
read in.
12
¢ value
12
12
IS
15
F10.0
extreme value
F10.0 Division size
5A10
of data
110
5F10.0
8F10.0

K pairs of ordinate and
experimental density values
to be analyzed 4 pairs per
card.

e ke e e —re e
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Multiple cases are processed by stacking the data sets with
the last card as a blank to serve as a flag indicating the last
case. However, the option cards (first two cards) are only read

once. A run consisting of two sets of data is illustrated in Figure 3.

20
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FIGURE 3. CARD IMAGES FOR A TYPICAL COMPUTER RUN

2]




PRINTED QUTPUT

The printed output is dependent upon the options that are
chosen. A general description of the printout follows. A sample run
is shown in Appendix B.

The first page consists of the user options chosen. The
options are only printed once for all the data'sets. The initial guess
for ¢, the value of ¢ at each iteration used in finding ¢ and the
estimated parameters are next, if maximum likelihood method is chosen.
If Stacy-Mihram method is chosen the iterations for finding m are given.

The second page identifies the data set being processed. The

number of observations, number of bins, a, and bin size are next
printed followed by the bin widths, the histogram data. MNext the log-
arithmic moments of the data follows; y, s, and T. The last items in
the header are the calculated generalized gamma parameters m, ¢, A as
computed by the maximum 1ikelihood method or Stacy-Mihram method.

Eight columns follow: the values of the random variable, the
value of the random variable in MKS units if CONVER is given and Option
6 of the IC options is chosen, the corresponding Rayleigh predicted
frequencies, the corresponding measured densities, the corresponding
Raylefgh predicted densities and the corresponding generalized gamma
predicted densities.

The values of L, the density function, the cumulative distri-

butions, and corresponding random variables are printed for each value

22 )




of L. These occupy eight columns of output arranged as follows:

Column 1 - running index

Column 2 - value of the random variable.
Column 3 - f(x), (Equation 1 in Reference 1)
Column 4 - f(x), (Equation 11 in Reference 1)
Column 5 - f(x)t

Column 6 ~ G(x), (Equation 12 in Reference 1)
Column 7 ~ h(x), (Equation 14 in Reference 1)
Column 8 - H(x), (Equation 15 in Reference 1)

The following page gives the Rayleigh design values for all L values.
The fourth page gives the generalized gamma design values

> » X, and T
8 xGA Xys an XoA o

0’ %5’ *aa’ XD’ and xDA as computed by

a table look-up procedure are printed. This page is repeated for

for one L value. These include xM, X s X

0’ *s
the right of these values, x

sy Xos X

e ———

each L value.

After these pages there is a comparison of design values for
all L values. The next pages consist of a printer plot which show
the measured density, the density as predicted by the generalized
gamma function, and the density predicted by the Rayleigh density
function.

The following pages consist of a time effect printer plot
which give L in hours vs. Xg and Xg- The CalComp plots generated
replicate the printer plots.




PROGRAM DESCRIPTIONS
Main Program

The main program serves as a driver for the entire digital
program. In addition, many of the required computations are performed
in the main program. A description of program flow follows.

A1l data required for the program is read from unit 5. A
description of this data is presented earlier in connection with the
input data.

After reading the data, the moments of the logarithms of the
random variables are computed along with the Rayleigh parameter and
maximum histogram value. The normalized third logarithmic moment, T,
is tested against the value -0.5. If T > -0.5, the case is not processed.
The parameters m, ¢, and X\ are computed by a call to subprogram GETCML
via the maximum 1ikelihood or Stacy-Mihram methods.

Once values for m, c, and A are determined, the various statis-
tical measures are computed for up to five values of L. The density
functions and cumulative distributions are printed for each L value
considered, followed by the extreme, most probable, and significant
values. The extreme, most probable, and significant values are obtained
by the Wegstein iterative method (see Subrcutine WEG).

After the above computations are performed, CalComp and printer
plots are generated. These consist of comparisons of the measured den-
sity function with the generalized Gamma density function and with the
Rayleigh density function.

Descriptions of major FORTRAN symbols are presented in Table 2.
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TABLE 2
MAJOR FORTRAM SYMBOLS USED IN MAIN PROGRAM

FORTRAN Math

Symbol Symbol Description

N N total number of samples

K X number of divisions

ALP a value of 1-F(x) corresponding to
the desired extreme value

DEL Ax bin size

NL - number of L values

ELL L array of L values

ISTOPD - number of increments in excess of
200 to be used in determining
extreme values

X X array of ordinate values

H fi experimental density values

S S value related to second logarithmic

_ moment

YBAR y first logarithmic moment

T T value related to third logarithmic
moment

R R Rayleigh parameter

C o parameter ¢

M m parameter m, real

AMBDA A parameter lambda

X0 X ordinate value

FOX0 f(x3\,m,c) predicted density function

BFOXO F(x) cumulative distribution function

BFOXL F(x)L cumulative distribution raised to
the Lth power

GOFX g(x) dg?s;Ey function corresponding to

X

HLO h(x) asymptotic density function

HHO H(x) asymptotic cumulative distribution

XSUBM* Xu . most probable value

XSuBo* X value at which F(x) = 2/3

XSUBS* xs significant value

XSUBG* xg most probable exteme value

*These symbols are used as labels in the printed output generated by
the program. .
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TABLE 2
MAJOR FORTRAN SYMBOLS USED IN MAIN PROGRAM (Cont.) 1
FORTRAN Math
Symbol Symbol Description
XSUBGA* xga most probable asymptotic value
XSUBD* Xg design extreme value
» XSUBDA* Xda extreme asymptotic value

* These symbols are used as labels in the printed output generated by
the program.
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E Subroutine GETCML
E Purpose: To determine the parameters of a generalized gamma
distribution from statistical measures of input data by either
i Stacy-Mihram method or maximum 1ikelihood method.
Usage: CALL GETCML(AT,U,E,S,YBAR,GAMMA,00C,T)
COMMON/PARAMS/ ,/PRNT/ ,/HIST/,/ INPUT/,/0PT/,/IOUNIT/

Subroutines and Subprograms Called:
MLHCML Maximum 1ikelihood estimation
WEG Wegstein iteration
b PSI Digamma function
: PSI Trigamma function
i DIST Evalutes measured and observed

frequencies and densities
MGAMMA Gamma function

Description of Parameters: See Table 3.

Remarks:

(1) If X, does not converge, a check value is sent

D
to calling routine.
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TABLE 3
MAJOR FORTRAN SYMBOLS

Name Location Description

AMBDA /PARAMS/ X parameter of output distribution

C /PARAMS/ ¢ parameter of output distribution

M /PARAMS/ m parameter of output distribution
b X(1) / INPUT/ random variable values

ICK1 /0PT/ Check value. If ICK1=1, c root

was not found via maximum
1ikelihood method

I0P(I) /OPT/ options
YBAR argument logarithmic mean of input data
S argument second log moment of input data
T argument third log moment of data
CMNT(I) J INPUT/ header label for GETCML output
FOBS, FTH /PRNT/ computed values for observed
. and theoretical frequencies

DENO, DENT /PRNT/ computed values for observed

and theoretical densities
00C argument reciprocal of ¢
ICK argument check value. If X  does not

0

converge, ICK=1 is sent back
to calling routine.

U argument trigamma function of final
m value

E argument digamma function of final
m value
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Name

AT

H(I)

TABLE 3
MAJOR FORTRAN SYMBOLS (Cont.)

Location Description
argument absolute value of the third

log moment of data

JHIST/ densities corresponding to
random variable values.




Subroutine MLHCML

Purpose: To estimate parameters X, ¢, and m by the maximum
likelihood method for the generalized gamma function.
Usage: CALL MLHCML

COMMON/PARAMS/ ,/HIST/,/INPUT/,/IOUNIT/,/PRNT/,/0PT/

Subroutines and Subprograms Called:

WEG Wegstein iteration

PSI Digamma function

F Function of parameter ¢

G Function used by WEG to determine ¢

Description of Parameters:

Name Location Description

AMBDA /PARAMS/ A parameter of output
distribution

c /PARAMS/ ¢ parameter of output
distribution

M /PARAMS/ m parameter of output
distribution

X(1) /INPUT/ random variable values

o(1) /HIST/ densities corresponding to
random variable values

I0P(I) JOPT/ options

ICK1 /OPT/ check value. If ICK1=1,

¢ root was not found

Remarks:

(1) ¢ is restricted to values greater than zero.




(2) 1If a root for F(c) is not found, a check value is
sent to the calling routine.

(3) An initial guess for ¢ for use in WEG may be
read in. Otherwise a default value of 2.0

is used,




Subroutine DIST
Purpose: To calculate frequency and density distributions
for Rayleigh and generalized gamma distributions.
Usage: CALL DIST (all parameters and arguments are passed
in COMMON Blocks)

Subroutines and Subprograms called:

MDGAM evaluates incomplete Gamma function

Description of Varijables:

Variable Location Description

X(1) JINPUT/ random variables values

H(I) / INPUT/ array of histogram ordinates
for input data

K JHIST/ number of bins in input
histogram

N /INPUT/ number of observations
in input histogram

FTH(I), /PRNT/ computed values for the

FOBS(I) observed frequency distri-
bution and theoretical
frequency distributions

DENO(I), /PRNT/ computed values for the

DENTR(I) observed density distri-

bution and theoretical
frequency distributions

Remarks: The input histogram need not be evenly spaced in
the abscissa x.

Method: Generalized gamma cumulative distribution is
evaluated by MDGAM. The density function is obtained by
numerically differentiating the obtained cumulative. The

Rayleigh density distribution is obtained in a 1ike manner.
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Subroutine WEG
Purpose: To determine root of x = f(x) by Wegstein iteration.

Usage: CALL WEG (I, X, J, N)

Description of parameters:

I - input, iteration count. Initialization action is
taken when I = 1.
3 X - input, estimate of root of x = f(x). On output,

refined estimate of root.

J - number of significant digits of accurary desired in x

for solution -- used only in initialization.
N - output - completion flag
0 convergence not obtained ‘
{
1 convergence is within given accuracy %
Remarks: The function whose root is to be found is computed i
externally. The calling sequence is as follows. !
!
(1) 1Initialize by issuing CALL WEG (1, XG, J, N) where ,
XG is the initial guess for the root and J is the
tolerance described above. N is irrelevant.
(2) Set up a loop to calculate XN=F(X) using output
X from WEG
(3) The simplest calling sequence would then be
X=XG Initialize X to guess value
00 1 I=1,ITERCT
CALL WEG(I,X,ITOL,N) First pass will inialize WEG
Ir (N.€Q.1) G0 TO 2
X = F(X)
CONTINUE
MAXIMUM NUMBER OF ITERATIONS REACHED WITHOUT CONVERGENCE
sToP

CONTINUE
ROOT FOUND WITHIN TOLERANCE

OMN O —




Function

Method: The Wegstein method refines the root of the equation

x = f(x) by calculating an improvgd estimate xI+1 which is the
intersection point of the line y = x and the secant line of
f(x) based on the previous two evaluations of f(x). This
method requires only one function evaluation per iteration.

The equation for the intersection point is given by
+ 7( -
X:) k7‘:—\) - X:: N )\r-\

Completion code N is set 1 when

X, aR S B T L X |

i.e., when the change in X between iterations is less than

one part in 109,

PSIT

Purpose: To evaluate the trigamma function, ¥'(x)
Usage: PSI1(x)

Description of Parameters:

PSIT(x) - value of the trigamma function at argument
X (Output) '
X - argument of the function (Input)
Remarks:
(1) Argument x must be greater than zero.
(2) The trigamma function is the second derivative of

the natural logarithm of the gamma function.

34




Function

Method: For arguments greater than 13 an asymptotic expansion,

{ { \
(X)Lt v o+ -4 L .
QP )= % s e  Px  4ax’ 3oy

is used. The truncation error associated with the above expan-

sion is less than 1 x 10'10 for x > 13. For arguments between

0 and 13, the recursion relation

P) = D max) ¢S —

(o ket =407

is used, where m is chosen as the smallest integer for which
x+m>13. ¥'(m+ x) is evaluated by the previous formula.
The formulas are obtained from Reference 8.

PSI12

Purpose: To evaluate the tetragamma function, ¥"(x)

Usage: PSI2(x)

Description of Parameters:

PSI2(x) - value of tetragamma function at argument X
(Output).
X - argument of the function (Input).
Remarks:
(1) argument must be greater than zero.
(2) the tetragamma function is the third derivative of

the natural logarithm of the gamma function.
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Method: For arguments greater than 13, the asymptotic

expansion,
" S A A \ \

~ I W - v -\ _
Y <X> X* x> x’ Gx® ex’  Jox" GX'™

is used. The truncation error associated with the above
expansion is less than 1 x 10710 for x > 13.

For arguments between zero and 13, the recursion relation

kPu (X) = “Pu(xrm\ _§ 2

(= (x«-(-\)a

is used, where m is the smallest integer which satisfies
X +m>13, and ¥"(x + m) is evaluated by the previous formula.
The above formulas are obtained from Reference 8.
Function PSI
Purpose: To evaluate the digamma function, ¥(x).
Usage: PSI(x)

Description of Parameters:

PSI(x) - value of digamma function at argument X (Output)
X - argument of function (Input)
Remarks:
(1) Argument X must be greater than zero.
(2) The digamma function is the derivative of the

natural logarithm of the gamma function.
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Method: For arguments greater than 13 an asymptotic expansion

is used:

~ S T L _
kP()Q— Lo x 2x T iax " Tax ‘as2x

The truncation error associated with the above expansion is
than 1 x 10-10 for x > 13. For arguments less than 13, the

recursion relation

P \

WCX)=(P(XfWﬂ - =

{21 K=l

is used, where m is the smallest integer which satisfies
x +m>13, and ¥(x + m) is evaluated by the previous formula.

The above formulas are obtained from Reference 8.

Subroutine MGAMMA

Purpose: To evaluate Gamma function
Usage: CALL MGAMMA (X, GAMMA, IER)

Description of Parameters:

X - input, argument of Gamma function
GAMMA - output value of Gamma function at X
IER - error code
Remarks: This is a library routine supplied by DTNSRDC.
User must attach library (IMSL).

Error code meaning is unknown.
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Subroutine MDGAM

Purpose: To evaluate incomplete gamma function
Usage: Call MDGAM(T, X, PR, IE)

Description of Parameters:

T input, limit of integral
X  input, exponent in integral
PR output, value of incomplete gamma function
IE output, error code
Remarks:
(1) This is a 1ibrary provided by DTNSRDC
(2) User must attach IMSL library
(3) Meaning of error code unknown

(4) Function evaluated is given by,

‘P(X,'T—\) = l_'\(x) fT o e du

Subroutine HISTO
Purpose: To set up labels and plot the experimentally measured
density function.
Usage: Call HISTO
Subprograms and function called: SCALE, AXIS, SYMBOL, LINE

Remarks: This program takes the measured density, which is
passed in COMMON and uses these values to generate data for

a CalComp plot.




Function G

Purpose: To be used by WEG in evaluating the c parameter
by the maximum 1ikelihood method.

Usage: G(c)
Subroutines and Subprograms Called: PSI

Description of Parameters:

G(c) - value of function (Output)

c - argument of the function (Input)
Remarks: ¢ must be greater than zero.
Method: To implement the Wegstein technique the equation
f(x) = 0 must be put into the form x = g(x). The equation

used is given by
w

= Z o %
c = it [ lne + \a L?_ % °€.>
31
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Function F

Purpose: To evaluate the function used to find the c¢ parameter
by the maximum 1ikelihood method.

Usage: F(c)
Subroutines and Subprograms Called: PSI

Description of Parameters:

F(c) - value of the function used to find the
parameter ¢ (Output)
c - argument of the function (Input)
Remarks: ¢ must be greater than zero
Method: The equation used is given by

w

Flc) = lnc +\n(2x O)

¥ \ [2‘ \\‘\)(‘ (5( Oc) _ %O(\f\x"‘,{__ \V\io,
2 % o, 2 o J e

i3t (31

\
L3 < - . .
% xco: zZ & -
'S

i
O

01 is the density

X1 is the value of the random variable
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CONCLUSIONS

An extensive study of an existing digital computer program
for determining parameters required to represent SES 100B trials data
by a generalized gamma function was carried out. Difficulties encountered
in earlier studies in which approximately 5 percent of the cases analyzed
produced unrealistic values for the distribution parameters have been
resolved. In order to resolve this problem, data sensitivity studies
were carried out and three other techniques besides the Stacy-Mihram
method were investigated. Based on results of the study, criteria are
developed for determining cases that should not be processed. A summary
of major conclusions follows.

a. The Stacy-Mihram, maximum 1ikelihood, grid search, and
nonlinear least squares methods all yield estimated proba-
bility distribution functions which represent very well
the experimentally measured histograms.

b. Design extreme values are more sensitive to the experi-
mental measurements than to the numerical procedure used
in determining the estimation parameters.

c. In some cases the predicted extreme design values are
unrealistically large whereas the significant values are
realistic. Based on an analysis of over 100 cases, it
is concluded that cases having a nondimensional third
logarithmic moment greater than -0.5 produce unrealistic

extreme design values. Results of a data sensitivity
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; study have revealed that in all these cases the data

g may not be considered as a sample taken from a steady-

f state random phenomenon, and hence it is recommended
that statistical analyses for these cases not be carried
out.

d. The Stacy-Mihram method should be used when the number
of bins (number of divisions used in the analyses) is
small (< 20) and when the number of samples is large (> 100).

E e. The maximum 1ikelihood method should be used when the

number of bins is large (> 60) or when the sample size is

large (> 100).
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TFLAUC oLTe 204) 50 TN 2001
Uzl ef=1n

LA A XN

tseN e




. '__"A_' R

763

6ag

ang

4203

[aNe]

a2
47

[4 AR NaNe Nel

6008

2740

%0 TC €u??
CONTYINLE
Ex2T = E¥P(=-2UCY
CsfLYs (TO2ZY0TallesTIV)ee?
fALL MOGAMIALC ¥ +PRGIED
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CONTINMUF
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WRITECE¢6068) ELTCINQESTIIIaFLLUT) qROXCTVGPEXL(T) gRONETY (G (T)
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TTY(S) = GHeRIMNayY
t ITY12) = GRITTH
; 2
! [ TCe5) =2 WRITE VALUES ZEFORE SLQTTIMR
IFCITCE) oFNa2) JRITE(54319CICIVAR(TY 4T=148)
S1AN FIRMAT (1+1elYeAlelOY sAS 46X eASeEXN 444)
¢
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: 97 CONTINLE
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c erraw  END ITERATIOM FTO M seeew
~
C th et COMPUTE C reed e
c
2 CONTINLE

Ul = PEl(%)y

2 = PSIICM

C = SARTIU2/D)

TS(T.GEL L) C2-C

19 = 1./C
o
[ TR COMPUTE LAMR(OA LT RS
[

4 AM3INA = CXPt-YBLR+U1+00M)

5 CONTINUE
1C<1=0
IFCICI(23Y.EN.1Y CALL MLHCWL
IFEICK1eERe1) RETURY
dRITECEe121) CUNT




€<

FORMAT(IFL %810

CMA = 1,=al?

WRITF(Ey19(C) CCMVER oCAL

FORMATOIH ¢3FCCMVERS oF 17 (T¢SX g2 CHCALIRRLTION FACTAR=: (15,33
COMPUTE x{vK<T) AN TEL(KS)

30 17 I=14X

IFLMKS(JIX=NCJI)+CONVER

AMKSEJITY = X(JI) ¢ £OMycR

FIND MKS VAaLUF 9F YEAR

YBARMK = YBAR + Ke ALTSCCONVER)

WRITE(Le200) Ne¥eALCo Mg

FORVAT (2 /1 X242 ¢ 15 a0X aTHKZ T8 42U g THALTHAZ o717,442 Y,
1 2YeOHI~ALPHAZ ¢51044)

dRITF(Ee 9T

FORVAT(/IXeeNEL ARRAYSY)

JRITE(C4298) (CHEAT(IdeTaDCT)oT121,4%)

FORUATHIE 4% (A241241H)e7T4442%))

IF(COMVERLNES]) WRITE(6.09¢4)

FORMAT (/1 4»0FL ARRAY(VVS)e)

TECCANVEPGNE o 1) WRITF(E4298) (NHEACCI) ¢ T4NELVKSII) o I=144)
VRITECEe301) YELPGYRARVMUW ST

FORMAT (/1Y e6HNYRARS 4712 4342V o 11HYC2O MU S 4T12,4421%,
T OIHST 0124842 e3HTZ 461249)

FORMAT (1Y IHEVYS 4G12,092Y¢AHLAMEBLAZ 412,837 43HCE 4517467)

rkwwn CVYALUATE navwp SyNCTION retee

TFCTEP E "0a125eN24IER4E%4120) WRITEUGSDOYINE

EJRMAT(GRH CCROD TN TAMM™A FUMCTION COYPUTATINY, ERROR= ,13)
IFCICCISY,E0a1edM061CE23)MELL)Y URITE(LLTRN) AMADA M ,C
FORMAT (L ¢25HST2CY=YIHTAM DLR, LAMOTAZ(FlE.SedH Y2 F14,8,
tad  C=eF1605)

CatLl CIST

MRz, -ALP

10C=1./C

CALL MEAMME(VoGAYMAL TER)

M SZAMPTAICONYED

PMLS = R « (CONVERwe?D)

4ET=10F STACY/Y

HOD:“HI“DA"

IFCICE22).,5%41) MET=10HYAYIMUM LT

IFCICL29)4FGa1) HODS=HKTLIHNOTE

ARITECLaTIN2) “oCoAMBN AL BNV S RGRUVC UFT HND

FARMAT (/71X ¢g3HYT o612 08 e Yo HCT ¢G12,842YeRHLAURDAS o

P 31264 e2Vel TULAVYPDALMNSIT G120 093HOT oM12,493HR(UKQ )z 4G]1%,8,
$/7eTH ¢ VIR GA1NAByTH ¥ETHOD)

WORD=RFPAYLE IGH

WRITF(£e110) WIRCewOOP

FORMAT (T Ie”HVALUE OF aT19.RHVALUE 0OF s TIC (s HMCASHUREDSTE] o
148 W TE6¢SHOAYVAQTR2¢QHMFACYPE T 4 TEP AR aT116eSUnguvy
S0/9TAg€HRANDOM G T194EHRANDOMNGTRSGOHFREGQUENCY o TS1 e OHPREDICTED 4 T66 e
$OHPREDTCTED ¢ TA2 e THDE VST TV TTR ¢OHPRENTCTEN ¢ T11849KPRENICTEN g/ @
CT3gRBV IR JAELE o T1CenHVAR TAPLE 4 TS] ¢9HFRECUEHCYaTE5 ¢ IHFREGUE CY,
CTP2 qTHE/PIN/NQTARGTHIENCITY e T118 gTHNENSTTY 4/ 4T2%45HIYKS))
URITE(Fg120G) (YCI)gYMUSET) gFNRECTIQF THOLT) 9" THIT) ¢NENNIT ),
TNEYTREII «OENT(IN eI =1 4%

FORMAT (T TaF BedaT1l9eF PataT 32451 2,84Ta04010,8eT6%4F12,480
STTG gF 12409 T04aF 10049 T1114%12,.4)

RETUSY

IND

—chaed-
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OO

10

29

SUSROUTINE HISTC
COUMIN JHIST/RIML N GNIBTIM T4EINGOI03) ¢ "PD 1IN0 ) g YMAX o XLE N ¢YLENaC”NT ()
CCMMNNY/HISTI/FTIPSTRGCEL Y 4TTRSTY ALY
DIVENSION YL200)4Y(2N00) 4RAYI(S)
H2=M0CBTNE e}
IR (N2)I=YMAX
CO“PLTE SCILE FOR v=a¥Ig
CRD IS THE AQRAY QF HYEIGTHS FNR THE FINS
YLEN IS TSE LENGTH IAN TMCHES CF THE v=2xIS DEFINED IM
A DATA STATEVEMT I™ THE %AlY PROREAM TO 3IT 8 JHEHES
N2 IS THE NUMSER OF PCINTS I 09N 2L «) SAYS fyERY 20147 13
10 8E PLOTTED
FIRSTY THE FIRST Y YVALUE ANNOTATED ON THE Yv=AYIS IS RETHYPUVED
I THE M2+1 LNCATION OF NRC
NOFLY THE SCALE VALUE = AWOQUNY OF TATR PEP [NCH= [§ RETYPNED
PY SCALE IN THE %242 (NCATINN 7~F CPC
CALL SCALE(DIRD ¢ YLENONZe41)
FIRSTYZORDENZ+1)
JELY=0F0(MN2+2)
TITLx=10KEXCUKSIONS
TITLY=STHDENSITY
RO (M123=9,
SCALES SET UP BY axIS TG 2€ USED 2y (LINE T3 PLOT
PAINTS = ¥=AXIS LENGTH IS CCNSTAMNT AMC IS JEFINED IV &
QATA STATEMEHT IN THE MAYIY PRCERAM TY 2F 19 THCucs
THE SIS ARNATATION WILL RE DONE WITHCUT THE  USE OF
AXIS SJ THAT THE NUMEERS LINF UP WITH THE 3IHS JRA4™
KNUNT = 1
oz
(Y = J.0
'i = Nei
IF (SINLCeFfNetel) GO TT 5
Vo= Net
XYIN) = PINLG
2 = NO2sy
30 10 I=14N2
XCI) = X(l=1)+RICYOUNT)
KOUMT = ¥0uNTe1
CONTINLE
CALL SCALECXoXLE M ¢M2441)
FIRSTX = X(U2+1)
JELX = Y (MN2+2)
UNIT = 1./0ELX
PYT PFy 8T JRIGIM
CALL PLOT(0ee0003)
JO 20 I=1eM2
STEP = Y(1)eUNIT
DRAs AXIS PORTION FROM CUPREMT LOCATINN TO E€ND OF NEYY BIN
CALL PLOTISTEPG0s02)
DRAYW TICX ™ARK
CALL PLOT(STEPe=,1¢2)
AMNCTATE AxIS WITH NUMERALS
CALL NUMPER (STEP =021 e=0?19eleX{I)¢0ele?)
RETLRYM PEN TN AXIS LINS JITHOUT DRAVING LIWF
CoMTIMUE DRAWING AXIS AMD ANMOTATIMG IT FOR THE PEATYNER
NF THE VALUES
CONTINLUE




g‘,

TITLE THE ax!s
CALL SYMEQL(94250¢=¢329e149TITLXe0eNe10)
CALL AVISCOaelaoTITLY 4e 74 YLENG2ToFIRSTYDELY)
RAY (1) =10H+RAYLE IGH
R4Y(?) = 10HTIST,.
RAY 3 =104=COVPUTED
RAY (4) = 1J™YALLE
RAY(S) = 1(0™
XPAGE=XLEY 2,3
YPARE=YLIMN=,5
CALL SYMUOL(YPAGE4WYPAGE ¢el189RAY(1)4No0e10)
YPASEZXPAGE+] .4 :
CALL SYYROLC(XPARTGYPAGE 4o 149RAY(2) 4N a418)
YPAGEZXLEN=2 .8
YPAGE=YLEN=1.
CALL SYMEOL(YPAGEGYOPAGE ¢4013¢2AY( )4 0.3010)
XPASE=YPAGE+1 .4
CALL SYVYROLCYXPAGE ¢ YPAGE 9o13¢RPAY(A)404341")
XPAGE=XPAGF +1 .4
CALL SYMPOL(YPAGE g Y PAGE 901407 A8Y(S)gC 400910
YPASE=ILEY=2,8
YPAZE2YP AGE=W5
CALL SYMTOLUXPAGEZYPAGE ¢218¢4C¥NT 9240 «50)
X€1yY=BTINLO
Y(1)=0.
X(2y=BTNLD
Y(2)¥=0RD(1)Y
J=2
23 1 I=1.NNPINS
Jz=Jd+1
XT = x(S-1)eRINUL])
X(Jy=x71
Y(J)=200(1)
J=d+1
¥Y(Jy=xT
Y(JI=0ED(]I+1)
CONTINLE
X(J+1) =FIRSTY
YtJe2)=NELY
Y(J+1)=FIRSTY
Y{(Je+2)2DFLY
CALL LINECXoYeJeleOolC)
RETURN
r'.la




FUMCTI™N PST(Y)

c
c FUNCTION PSI EVALUATES THE DIGAMMA FUNCTION PST(%) FNR
. c SR CUMERT M, PSI(M) IS THE CERIVATIVE YOT M OF THE LY IF
c THE CAVYMA FUNCTION,. ;
c !
RESL %
NATA C15eC11267416666665T9.007226500/
c
Ty = 0.
Y=
IF(4.6Ta134) GO TO 2
c MelFalZ
Mz 18, = N
= 'J = “w - L1}
2= " -1
S0 1 I = 14N
1 TL = T1 ¢ 1la/(N ¢ 1)
[ “e5Tell 3
2 2CY = 1.4V

ACd2 = PCYee?

OST = BLIG(W) & JS5eRCWa(el, ¢ RCW2(=C14 + RCY24(,1¢C25 - C1126n
. ACY2DIN) = T

IETUYRY

D]




OO0

FUNCTIIN PSI1(™)
.
FLNCTION PST1 TVALUATES THE TOIrAMMA FUNCTION OST (v
FC2 ARGUYEMT M, PSIN1EM) IS THE CERTVATIVE WRT Y OF THE
DIGAYMA FUNCTICM,

acAL
DATA C16+C1304C182/,166456666744273332377,,623879526/

Tt = 0.

W=

IFlie537e1Ta) ~C TO 2
VLS a13

1M
« 1e/(CeIdwa?
Me1Te13
0Cd = 1,/4
= RCYew?
PSIL = OCW#(1447Cdn{ sS¢2CWe(C14 +PCU24(~C1TN  +2CYI4(714D
. =8CW2+C12000) ) +T1
FTTURY
M)

hrema

i
i
i
'
i




- aihipia i SIS RS i

QOO0

2

FUNCTICN PRIZ(M)

.o
FUNCTION PSI2 EVALUATES THE TETRAGAMMA FUNCTION OSI (%)
FCR ARGUMEMT M, PS12(%) IS THE 2N0 CERIVATIVE WRYT M A€
THE DIRAMMA FUNCTI Chg

REAL ™M

OATA Cl16eCS67+166666F67 408222333332/

T1 = 0.

Y= v

IF(4.6T.134) 70 TO 2
“elEelld

N = 18,=d

d = 4 e

0= v -1

DO 1 I=1.Y

Tl = T1 & 2,/7(0 « [)eed
“e5Telld

W=V

RCd2 = ACUs»2
PSI2 = 2CW2el=], ¢RCU*C =1, +RCI*(~,S +RCY2+(Cl6 +RCU2«L =-T1e¢
+2CU2e T =C56+7CK2IIIIY)Y) =T1

L ]
RETYON
£ND

A
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SUBRNUTINE JER(LeXNP1eJd et

WESSTEIY TTERATIVE SNALUTICM METHID FOR X

INITIALIZATION
IFET MNEL1) 30 T0 2
XK =1
YEN = ¥ND)
XTEWD =z J3,ee(=d)
XP = x%P1
RETUIN

FIRST ITERATION
IF(KNEs1) BC TO 4
TF(APSIXC=YNP1)=YTEYPLARS(XP)) G4R4F
o = y*py
¥aNv“l = xBN
YEN = yyr}
<= 2
XN = YNP1
AMP Y = x By
Y= 2
AETURN

SUCCETDING ITERATICMS
XBNP 1 = ((XMP1eVPNNM]I )= YNeXBHN) I/ (X IP1*XFPI W] ayYNaYEN)
TFCCABSIXPYENP1) )= ( ‘OS(XTEUCayP ) )Y S4%46
¥2 = XE'PY
¥8Nv]1 = xRN
¥ey = ypuD1
3 T2 7
LI |
RETYRY
TND

Ye1

=Fry Yy
A




Tq'

SUBROUTINE AXIS

ENTRY
ENTRY
FNTRY
ENTRY
FuTRY

RETURN

ot

LIvE
nNyMBER
PLCT
syvaoL
PLOTS

oAl
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FUNCTICH G(CY

COMMUN M IST/RINLS o Ko RINW100) 9 0C10C) oY HBYo¥LENGYLENGCUNT(E)

COMMON/TSPUTZXC(120) o TLLIT7)eNoALP oD (25) o ICTIFPNGIPLOT,1RAYICE M)y

MNSUYM=0,

SUv¥0=0.

YosSuU“=G.

XtosuM=o,

N0 13 I=xle¥

SuMn= Syvnentl)

INSHMZILSUMe AT LLARCYXCTY)

YLISUMS wYLOSUM & ALDTIX (T ) e (X (1Yol (1)

C3ISUME XCSUMe(XCI)eaC)e(])

CONTINLE

ARG = IXLASUY /YN SUM) =(OLNSUM/SUM D)

S (SUYD/CLISUMY e (ALOG(C) s ALAGEXISUMISOLOR(ARG)=ALTS(SUNY )
2SI, /7(C*ART)))

PETURY

N




WP

. ,"','

FUNCTI? F¢C) :

COMMON /HIST/RIMLIGK ¢ 2TM Y (10090 (100) oY VAY oXLENGYLEYGCYHT S
COMMON/TRPUT/YLLI00) oFLLUT) eMaALP oDI25) e ISTOPL JIPLOT,IRAYLIC(2)
AOSU¥=C.

XLOSUM=G .

INSU“=0,

Syvo=0,

00 10 I=tev

X3SUMT ¥OSUMe (X(I)w2C)an(])

ILNSUM=0LMSUMe DCI)«ALOSIX(]))

SuMOo=suvCc+2eId

XLISUM=XLISYMe ALOSCYCINY #(XCIYweC)an(T)

10 CONTINUF

135z (XLOSUMZXCSUM) = (CL*SHM/SYMD)

F= ALOGICISALIGCXOSYUMY + ALOGUARG)I=ALOR(TUYNI+PST(1,/IC+A4RG))
* = (CeDLNSUMY /SUNO

RETUAIN

:-;D




SUSROUTINE MLHCML

YAX MUY LTXELYHCOD ESTIVATING

[sNeNel

COMMINJHIST/EINLC oK ¢ PIMNWIIDOY " (Y0N) oYV RV G YLE NG YLENGCHWNT ()
COMYON/ZTIANPUTZYCL1T0) e FLLIT) ¢ MNedLlP 4T (2F) o TSTOFN oIPLOTGIRAYSIC(2D)
CONMON JTUNT T/ IO IPSgT "6 4[PCH
CIMMON /O AR AVS /MG AMED 2 4Ce?
COMMIN/OPT/ITP (20) ¢ICKY
REAL ™
IFCINPCEL)YLNT 270 TO 10
C RAYLEIGH PAPAMETEDS
=2,
39 7~ 19
1) READCIRS 4131) C
121 FORMAT(T1%.0)
30 TFCITP(2),E%e1) “RITE(IPE102) C
192 FORIMAT(1H042CHIVITIAL GUESS FNR f=yF10,.5)
{1 TT(TIPC 4E55)
S55 FIRMATEI M (25HITERATIONS FJIR FINDING C ROQT)
HRITE(TOCaE51)
551 FORVAT(IY 40¥e1HCe12YesPT(CH)
KE=1
"D 1 Iz1.5"
CALL WFS(I4CeseKE)
TE(CelTeTe) C=8RTCC)
IF(CeENele) C=40l
7SI2=F U0
JRTTECIDGR4211Y T4Cy7FR0
211 FORMET(IH ,124F10454F10.6)
IS(KEZLER1)70 TO 22
C=5(C)
1 7TINTINUE
C  “MAX!WYM NUMEER ~F TTERATIONS REACHED WITHAUT CINYERGEVCE
ICx1=t
AT TE(IP g 044 A
844 FOIMATCIH]GLERC POOT MOT FOUND)
2ETURYN
22 COMqTINLE
C € 3707 FOLNC WITHIN TOLERANCE
C FI™C 4
xLosuM=90,
Xasyv=0,
JLNSUM=n.
Sywn =r,
T3 33 l=tek
XLOSUM=XLOSUN o ALOSIX(T)I)Ie(XCTI) waC)eOt])
YISUPIXOSUM o+ (X(I)2eC) (]
NN SUMZILNSUMe D(I) 2 ALCHCXCTY)
Syun=s CC1yesSuUve
T3 CONTINLE
IFCINP(S).E2e1) WRITFUICO¢111) XLOSUMXCSUYLOLNSUMSUVEC
111 FORMAT(1HI ¢ 7FXLOSUN=oF10e8e2XabHUASUMZ4F 10080 2X9THOLYSHYZ9F 1T abs
S2XgSHSLYNZ4F10.8)
U2l o 7¢Co EXLOSUM/XOSUMY =(OLNSUM/SUYD)))
C FAUND ¥==SOLVE FCR LAMBRA
AMADAS((XOSUM/ (MeSUUN)) 00 (=1,./C))
TFEITPI3)4ENG1) YRITE(ICAG100)AMENAGYSL
107 FORMAT (140,64 24P ARANETEDS ECTIVATED BY MAXIYLY LIKELYHAN,
$11H ESTINATICN/ZIH o THLAYONAZGF2N 605X e24M2eF 170895 024 " =eF1744)
PETURN
L' ]
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SUBRINUTINE DIST

REAL M
COMVYONZINPUTZNCI00) oBELLIT) 0N ALP «DU17N) ISTAPNGIDLATGIRAYHICE20Y
COMMON /D LRAMC /M GAMBD A4C P
COVMON/OENT/FORC(100)eFTHC100)«DENDCIN0)¢DEMT(100) «FTH2 €190
teCENTR(100)CONVERGCAL
COMMION/MIST/EINLO oK PINWELINO) oHEL100) o YV LA o XLEMQYLE 194CHNT r3)
S0TTOM = 0.0

AMINT = le0

NIV=1.0

J221.0

20 13 1 =14k

APTICN 183 TF Jh, NENSITY =(Nn/9TMI /N
16 ATF GDEMSITY =MD J/BTINY/(Ne (1))

IFCICE1EY,EN40) CIV=0(TI)

IFCICU1IRYGEN,]1Y D22=0(D)

ARGR=(VUI)+NCI) #2,) 022, /R

Rl = ExPr=ARTR)

AT (AVADACCX (TSI V/24) ) eeC

CALL YIRAM(ARR 4 TOPLIER)

NRSEIVED FPEGUENCY
FO3ISUINI=NCI)I=HLT)eN

0RSEIVED DENSITY
AT GELISS R D]

THEORETICAL PAYLEIGH(EXPONENTTIAL) FREQUEMCY
ETHRCI) = (RMIN] = R1 ) ™
RAYLIIGH(EXRPNMENTTAL) DENCITY
DENTR(ETY =(R™IN] - 21)/01T1V

THEORETICAL GAMVA FREQUENCY
IFCIERWNSW2) G0 TO L7
FTHCIY) = (T = RCTTOM) « ™

GA4MA OREDQICTED DENSITY '
JENT(T) =(TOF- 22TTOVI/TIV

eMINl = R}
2ITTIM = TOP
CONTINLE
RETYU®N

ZND

inkincaitth




APPENDIX B
SAMPLE OUTPUT
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3 OTNSROC ISSUES THREE TYPES OF REPORTS
(1) DTNSRDC REPORTS, A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICAL VALUE, DESIGNATED B8Y A SERIAL REPORT NUMBER.
(2) DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, RECORDING INFORMA.
TION OF A PRELIMINARY OR TEMPORARY NATURE, OR OF LIMITED INTEREST OR
1 SIGNIFICANCE, CARRYING A DEPARTMENTAL ALPHANUMERIC IDENTIFICATION.
(3) TECHNICAL MEMORANDA, AN INFORMAL SERIES, USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORTS TO SPONSORS, NUMBERED AS TM SERIES
REPORTS; NOT FOR GENERAL DISTRIBUTION.
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